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H a v i n g  ob ta ined  some good holograms us ing  the small
plates , and f a i r  holograms in the 17-inch plates , i t  was
t h o u g h t  : i ii t i al ly  t h a t  the problem was related only to
the large p lates , and most probably to the large  p la te
holder .  The holder cons t ruc t ion  was revised , and a c o u s t i c a l
noise and poss ib le  therma l displacement were ex tens ive ly
inves t iga t ed .  In total , about 200 4-by 5- inch plates , and
about 20 17- inch plates  were exposed. From the la rger  p la tes
10 had dark bands , f i v e  had too much sca t te r ing, and f i v e
appeared r e l a t i v e l y  good . The d i f f r a c t i o n  e f f i c i e n c y  of
these plates was between 35 and 60 percent .  The one tha t
had the least number of cosmetic defects was selected to
be used in the Holographi c PANCAKE WIN DOW TM system .

ASSEMB LY OF HOLOGRAPHIC PANCAKE W INDOWTM

The holographic PANCAKE WINDOW TM sys tem was assembled
as fo l lows  (see Fi gure 1B).  The l inear  polar izers  were
cemented , respectively, •~~ C I ) O f C ( (  ~1 is~~ ~~O’ 01. L~ 1 l t  05. The
holographic spherical  beamspl it te r  mir ror  was cementea to
one of these l inear polar izers , being ca re fu l  that  the holo-
gram was kept in a low humidity environment all the time (before
cementing). The two quarter-wave plates were cemented to
each face of the plane beamsplittcr mirror. The three
packages were cemented together , and photometric alignment
was accomplished to minimize transmission of direct light
or bleedthrough .

ANALYS I S

VISUAL ANALYSIS AND OBSERVATION OF TIlE HOLOGRAPHIC
BEAMSP L ITTE R MIR ROR

The holographic spherical beamsplitter mirror selected
to be assembled into the holographic PANCAKE WINDOWT~I
system was only visually analyzed prior to assembly . This
was because of the lack of proper environmental facilities ,
causing concern that the hologram could be destroyed before
being cemented .

Visua l resolution of an Air Force resolution chart
image reflected by the holographic spherica l beamsplitter
mirror was simi lar to that which was obtained with a master
classical mirror. Scattering was not noticeable , and no
cosmetic defects were found wh L ch were objectionable , or
exceeded specification limits of this project. No serious
lack of uniformity in the performance over the ent~rc area
of the mirror was noted , and there was no visua l difference
in performance between on-axis and off-axis performance

• for the expected useful angles . FOCI visually judged that
performance of the m i r r o r  was as expected , and q u i t e  acceptable.

32

~



— 
-
~~~~~~~ -~~~~~~~~~ 

- 
T~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____

VISUAL ANALYSIS AND OBSERVATION OF HOLOGRAPHIC PANCAKE
WINDOWTM SYSTEM

Visual examination conclusion was that performance of
the holographic window was inferior to a similar classical
window . The on-axis performance was especially disturbing

• because of a ghost glare , and a low contrast in the colli-
mated image , with considerable loss of resolution . When
tilted and observed off-axis , the holographic window pre-
sented a great improvement in performance at some particu-
lar observation angles , comparable at these angles to the
performance of the classical window system. Also , per-
formance over the entire area of the holographic window
system was not uniform , having better performance in areas
at the edges than at the center; and better performance for
some off—axis angles than for on—axis , contrary to the usual
case.

Dispersion effects (chromatic effects) with white
light were not disturbing at this poor level of performance .
Visual performance did not improve noticeably when narrow
band illumination sources were used .

Holographic PANCAKE WINDOWTM Ghost Images

The holographic PANCAKE WIND OW TM ghosts , as far as
visual recognition would permit , did not appear to be different ,
(except intensity ) or a greater number than in the classical
window . Because of the zero saggita of the holographic
spherical beamsplitter , reflections between the beamsplitters
produce ghost images that are displaced , or at a different
distance , from the closest surface , to the observer of the
holographic window system.

Intensity or brightness of the ghosts seemed higher
in the holographic PANCAKE WINDOWTM system than in the
classical one.

A closer observation of these ghosts in the holographic
window system revealed that new ghosts were present , but
superimposed on the classical ghosts (see Figure 12). Later ,
this fact was verified using a holographic window system
built with three packages similar to the classical window
system. Tilting or changing the separation of these packages
allows differentiation of the new ghosts. The top of Figure
12 shows the ghosts positions for an assembled window ; the
bottom illustration shows differentiation of the ghosts when
the packages are separated. Identification of these new ghosts ,
their origin , properties , and elimination or reduction is
being analyzed under contract F33115-76-C-0055 and will be
reported thereunder. 
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PHOTOMETRIC MEASUREMENTS

DIFFRACTION EFFICIENCY VS. WAVELENGTH

A holographic spherical beamsplitter similar to the
one used in the holographic window system was photometri-
cally evaluated to obtain its diffraction efficiency vs.
wavelength (refer to Table 1).

Table 1. DIFFRACTION EFFICIENCY VS. WAVELEN GTH

Wavelength Diffraction E f f i c ie n c y

nm Percent

500 -

510 — -•

520 1.14
530 5.0
540 6.0

550 41.0
560 81.0
570 3 4 . 4
580 . 19.4
590 —

TRANSMISS ION

Transmiss ion of the ho lograph ic  window syster ~ and
brightness of the ghost images were measured p h o t ome t r i c a l l y .
(R e f e r  to Section I d iscussion of ghost images .)  Transmiss ion
varied from 0.1 percent close to an on-ax is  p o s i t i o n , to 0 . 9
percent in some areas of the window . These ghosts have so
great a variation , depending on angles and position , that a
meaning ful representative value cannot be reached . Sample
photometric measurements that were made are tabulated in
Table 2.

Table 2. SAMPLE PHOTOMETRIC MEASUREMENTS

Transmis s ion  
-

Sample Wanted Reject R2 R3
No. Filter Source Image Family Eamily Family

1 None 100 0.17 0.039 0.005 0.003
2 None 100 0.11 0.0~ 7 0.038 0.027
3 562nm 100 0.3 0.12 0.007 0.004
4 562nm 100 0.8 0.16 0.04 0.01

_ _  Li
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COMPUTER ANALYSIS

The Optical Desi gn department computed performance of
a holographic spherical  beamspli t te r  in a i r , usinci  the
holographic HOAD program (of Dr. John Lat ta  of E R I M ) .

Figures 13 through 17 show a comparison of the computed
(solid line) and measured (dots) collimation of the 17-inch
diameter and 17-1/2-inch focal length holographic window
system .

The measurements and computations were performed f o r
• a f l a t  object  placed at the ax ia l  focus  w i t h  a p u p i l  p laced

17 . 5 inches f rom the window . The computa t ions  were
performed for  a holographic  m i r r o r  in a i r , w h i l e  measurements
were made on the cemented assembly of the holograph i c  w i n d o w
system . The agreement  seems q u i t e  good e s p e c i a l l y  when one
takes in to  account the limited sharpness visible for the
target  r e t i c le .  U n f o r t u n a t e l y  these measurements  w ere
made for  the purpose of t e s t ing  a computer prociram f o r
holographic  e lements in genera l , and t h e r e f o r e , o ther  areas
of in teres t  were not documented . Use of a flat object caused
the l imi t ed  sharpness , and c o m p u t a t i o n s  in air versus
measurements on a cemented assembly are  not ideal , hu t  were

• s u f f i c i e n t  to prove the computer pro~iram .
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SECTIbN IV

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

GENERAL. Although overall performance of this holographic
window was inadequate in FOCI’s opinion , it was encouraging
to note that performance was good in limited areas, and at
limited off—axis angles, since these areas and angles were
not necessarily the ones in which theoretically better per-
formance could be expected. These facts reinforce FOCI ’s
conviction that although there are still unresolved problems ,
the holographic PANCAKE WINDOWTM system is feasible.

Under this contract FOCI produced a 17-inch-diameter
holographic window system. This holographic window
is basically a classical window in which the spherical
beaxnsplitter mirror has been replaced by a holographic
spherical beamsplitter mirror. This substitution is the
basis for the low-cost, lightweight PANCAKE WINDOWTM

infinity display .

• The experience gained during this project is related to
the production of the 17-inch-diameter , 17-inch focal length ,
holographic spherical beamsplitter mirror, the largest
holographic element of this type produced thus far.

In the course of this project, FOCI had to deal with some
major new problems, not all of which have been satisfactorily
resolved. These problems and their status are outlined in
the following paragraphs.

PROBLEMS STATUS

Handling High Power Argon Lasers. FOCI had problems with
the f i r st laser, which was a 20—watt argon laser , in terms
of obtaining reliable operation and a stable output. Lack
of a scanning Fabry—Perot etalon to continuously monitor
laser output stability caused a considerable loss of time
and material , and created some early difficulties in inter—
preting holographic results. The second laser, a 16-watt
argon laser obtained from a second manufacturer , behaved
in a more reliable way and its output was usually stable. 
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FOCI gained experience handling high power lasers and
reached the conclusion that the interferometric and visual
monitoring of the laser output utilized during this effort
was not sufficient. In a new facility , it would be desir-
able to continuously monitor the output of the laser for
single frequency with a scanning Fabry-Perot etalon , espe-
cially during exposure of films . The monitored output should

) 

in turn be displayed by mean s of an osci lloscope.

Facilities and Apparatus. A new approach has been tested
whereby the laser is supported on its own table in a separate
room rather than on the holographic table. This technique
provides considerable advantage in (a) easier handling of
the very long high power argon laser, (b) better control of
vibration associated with the laser , and (c) higher insula-
tion , both thermal and acoustical , of the holographic table
during time of exposure of the plates. This approach has
been tested and proven successful.

FOCI’s holographic table and holographic room have
also proven to be adequate.

Environmental Conditions.

Room facilities for coating preparation , photosensitizing
and developing of the holographic films were not adequate.
The greatest deficiency was the lack of clean-room facilities ,
along with the fact that these processing rooms were located
in different buildings. There was during this project little
or no control over environmental parameters , and these para-
meters also varied from one building to the other.

HOLOGRAM QUALITY ASSOCIATED WITH FILM CHARACTERISTICS

Lack of flatness of the film , nonuniformity in thick-
ness , and nonuniformity in hardness will cause a lack of
un iform response over the entire area of the hologram ,
especially in large size elements. These problems still
existed at the end of this project but to a lesser extent
than at the project outset. They are attributed to the lack
of proper facilities and environmental controls previously
discussed .

Flatness. Lack of flatness is related to three principal
causes:

1. Orange peel effect produced when the film is allowed
to dry too quickly and a rapid evaporation has taken place.
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2. Craters and other surface defects resulting from
dust settling over the coated film during its liquid phase.

3. Nonuniform evaporation over the total area causing
some areas of the film to dry before others.

Thickness, Lack of film uniformity is principally due to:

1. Improper leveling of the coating surfact (FOCI’s
coating technique relies on gravity).

2. Nonuniform evaporation over the total area.

Hardness, Lack of hardness uniformity and/or control of
film hardness is due principally to:

1. Lack of environmental controls especially on
relative humidity and water temperature.

2. Improper coating techniques as enumerated above,
since any irregularity in the surface , or in the drying of
the film , will produce strains which will affect the hardness
or molecular cross-linking.

IMAGE QUALITY DETERIORATION RESULTING FROM HOLOGRAPHIC GHOSTS

Holographic ghost images produce a deterioration of
resolution and contrast of the desired reflected image.
These ghosts have been classified as follows:

Lenticular Ghost. This ghost is produced by the holo-
graphic mirror as if it were also working as a lens. During
exposure a transmission type hologram is produced along
with the desired reflection type hologram . The reason for
this is not fully understood ; however , it is probably due
to internal reflections and/or multiple reflections of
construction beams. This ghost image focuses at the same
distance as the reflected image (the hologram has the same
focal length, working as a mirror or as a lens).

4 The characteristics of this ghost with regard to mono-
chromaticity and intensity are not constant and have not yet

- • been determined . Experimentation results with wet cells
to determine exact origin of these ghosts will be reported
under Contract F33C1 -76—C—0055.

Multiple-Order-of-Diffraction Ghost. If the hologram is
produced in such a way that the light is not diffracted
primarily in the first order of diffraction , but rather in
multiple secondary orders, then the holographic mirror behaves
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as a mirror of multiple power , and different images are produced
simultaneously . This problem can be eliminated with the
proper control of holographic production parameters.

IMAGE QUALITY DEGRADATION RESULTING FROM HOLOGRAPHIC PANCAKE
• WINDOWTM GHOSTS

Because the hologram is working as a spherical beam-
splitter mirror , the lenticular and multiple—order—of-diffraction

+ 
ghosts will deteriorate image quality of the holographic
window system. These are new ghosts related to the
holographic beamsplitter mirror.

Ghosts inherent in the classical window system
are also present in the holographic version , but are in
different relative locations due to the lack of spacing between
the two beamsplitters, i.e. the holographic window system
is a single flat package while the classical window system
has two flat packages and a spherical beamsplitter mirror.

SUMMARY

To summar ize , this development effort has:

• 1. Provided invaluable experience with the handling
of high power argon lasers .

2. Provided experience dealing with holographic vibra-
tion problems.

3. Demonstrated the inadequacy of FOCI ’s holographic
facilities , especially with regard to clean-room facilities
and control of environmental parameters.

4. Proved that a two- room, two-table geometry is
superior to a single room/table configuration .

5. Brought to FOCI’s attention a series of new ghost
images which seriously degraded resolution and contrast of
the holographic window system.

RECOMME NDATIONS

GENERAL. Results of this project encourage the recommendation
that a continuation of the development of holographic tech-
niques for the production of a l~~ cost, lightweight holo-
graph ic PANCAKE WINDOW TM system be pursued . The continued
effor t will  not be a purely research ef fo r t, but rather
have a definite goal in mind; i. e., the practical and efficient
production of a large aper ture li ghtweight holoaraphic
PANCAKE WINDOWTM system.
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MASTER PLAN FOR ADDITIONAL DEVELOPMENT

Under a continued development program , our goal is to 
$

achieve with good repeatability, a holographic film that is:

1. Flat

2. Uniform physically (thickness) and chemically
(hardness).

The culmination of this effort will be the manufacture
of three (21-by 24—inch) holographic on-axis spherical beam-
splitter mirrors with a focal length of 18.1 inches and a
diffraction efficiency of 45 + 5 percent which will in
turn be used to manufacture three holographic PANCAKE
WINDOWSTM.

It will also be our goal under this development program
to analyze completely , eliminate , or reduce the ho~ographicghosts and holo9raphic PANCAKE WINDOWTM ghosts that are
seriously deteriorating the image quality produced by this
system.

Most of the recommended experiments will be primarily
aimed at achieving repeatability and/or a finer technique .
The basic research and (gross) relative importance of the
holographic parameters have already been undertaken and
established by FOCI.


